
                                       AD_________________ 
                                            
 
Award Number:  
 
 
TITLE: 
 
 
PRINCIPAL INVESTIGATOR: 
                                                 
                           
CONTRACTING ORGANIZATION:  
 
 
 
 
REPORT DATE: 
 
 
 
TYPE OF REPORT: 
 
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
               Fort Detrick, Maryland  21702-5012 
                 
 
DISTRIBUTION STATEMENT:  
 
      Approved for public release; distribution unlimited 
      
 
 
The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

Brittany.Jackson
Typewritten Text
W81XWH-07-2-0118

Brittany.Jackson
Typewritten Text
Early Support of Intracranial Perfusion

Brittany.Jackson
Typewritten Text
Thomas Scalea, M.D.

Brittany.Jackson
Typewritten Text
University of Maryland, Baltimore
Baltimore, MD  21201

Brittany.Jackson
Typewritten Text
October 2010

Brittany.Jackson
Typewritten Text
Annual



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 
01-10-2010 

2. REPORT TYPE 
Annual 

3. DATES COVERED (From - To) 
17 SEP 2009 - 16 SEP 2010 

4. TITLE AND SUBTITLE 
Early Support of Intracranial Perfusion 

5a. CONTRACT NUMBER 
 

 5b. GRANT NUMBER 
W81XWH-07-2-0118  

 5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
Thomas Scalea, M.D.  

5d. PROJECT NUMBER 
 

 5e. TASK NUMBER 
 
5f. WORK UNIT NUMBER 
 
 7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

AND ADDRESS(ES) 
8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

University of Maryland, Baltimore  
Baltimore, MD  21201  

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
U.S. Army Medical Research and Materiel Command 
 

  
Fort Detrick, Maryland  21702-5012   
  11. SPONSOR/MONITOR’S REPORT  
        NUMBER(S) 
   12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited  
 
 
 
 

13. SUPPLEMENTARY NOTES 
  
14. ABSTRACT  Abstract on next page.

15. SUBJECT TERMS  Subject terms on next page.

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
USAMRMC  

a. REPORT 
U 

b. ABSTRACT 
U 

c. THIS PAGE 
U 

 
UU 

 
45 

19b. TELEPHONE NUMBER (include area 
code) 
 

 Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39.18 

 
 



14. ABSTRACT 
This report represents the third year in a multi-year effort to improve outcomes in patients with traumatic brain injury (TBI) 

utilizing human and animal models. Year I focused on development of an infrastructure for gathering data in TBI patients, 
development of a protocol to advance understanding of the inflammatory process which follows TBI, and creation of a basic 
science model of brain trauma. Staff were hired and assigned, equipment purchased and protocols and databases developed. 

Year 2 saw the implementation of two human use protocols, on-going development and testing of the Brain Resuscitation Registry 
(BRR) to provide structure and linkage capabilities for data collection and outcome reporting, and further development and re­
formatting of the animal model sub-project. 
Year 3 accomplishments included the ongoing enrollment of subjects in the human use protocols, development and 

implementation of 2 retrospective human use protocols, processing of specimens for the Cytokines sub-project, further 
development of the BRR and initiation of the basic science model including both small and large animal models of poly trauma. A 
one-year no-cost extension was granted in August 2010. This extension will allow completion of the current protocols as well as 
addition of I new human use protocol. 
15. SUBJECT TERMS 
Traumatic Brain Injury (TBI); vital signs; cytokines; pre-hospital care; poly trauma 
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INTRODUCTION 

Traumatic Brain Injury (TBI) is the primary cause of trauma mortality in both civilian and 
military populations, a major source of long-term disability world-wide and a substantial 
independent cause of death in the U.S. The dominance ofTBI in trauma epidemiology is due to our 
inability to treat primary central nervous system injury and the realization that the phenomenon of 
secondary brain injury (pathology at the metabolic, cellular, vascular and tissue levels) begins within 
seconds after the primary trauma and plays a profound role in the subsequent evolution of TBI. 

The ftrst phase of this multi-year effort to improve outcomes in TBI patients focused on 
developing the infrastructure necessary to associate elements of care for the TBI patient with 
specific and relevant outcomes, including establishment of a centralized Brain Resuscitation 
Registry for data capture, deployment of equipment to capture continuous pre-hospital and in­
hospital vital signs, develop a protocol to examine the contribution of inflammatory cytokines after 
TBI and to develop an animal model of penetrating brain trauma. 

Year 2 efforts focused on the implementation of two human use protocols, on-going 
infrastructure development and further development of the animal model sub-projects. The 
development of the Brain Resuscitation Registry (BRR), providing structure and linkage capabilities 
for human use data collection and outcome reporting, moved into the beta testing phase. 

During Year 3 several sub-projects moved close to completion. Full implementation of 
screening and tracking functions of the BRR were achieved following the purchase of dedicated 
server and research computer tablets. With improvements in the matching and processing of vital 
signs data, 4995 subjects were enrolled and detailed analysis initiated. Enrollment for the Cytokines 
sub-project was completed, samples processed and preliminary analysis begun. Two new 
retrospective human use protocols were approved and initiated during Year 3 and 1 additional 
human use protocol developed with planned submission for IRB approval in October 2010. The 
animal use protocols continued refinement. The controlled cortical impact (CCI) device was fmally 
purchased late in Year 3 for use in both the small and large animal models. 

BODY 

This is the annual report for Year 3 of a multi-year project. Table 1 below reflects the 
Project Milestones Timeline adjusted based on the actual funding award date of September 17, 

____ 2007. Start and finish date columns reflect target timelines while subsequent columns reflect actual 
task completion dates. Research progress is further summarized by the itemized Statement of Work 
Tasks following the table. 
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Table 1: Timeline 

Target Completion 
.... r.o'rlVIl'V name Date Finish Date 

Patient recruitment and monitoring 
** IRB approvals 1-0ct-07 

TCD and BAM 1S-Sept-10 
** hiring and training of staff 1-0ct-07 
**deslgn and Implementation of 
data collection systems 1-0ct-07 

**patlent enrollment 

**data collection 
**data collation and 

cytokine laboratory 
**Identification and training of 
staff 
**cllnical data ftr",tn"'nls 

animal model 
**IRB approvals 
**final 

31-Jan-08 
31-Jan-08 

1-0ct-07 
1-0ct-07 

1-0ct-07 
1 

31-Jan-08 

31-Jan-11 
31-Jan-08 

31-Jan-08 

Implement plans for recruiting and monitoring patients. 

Actual Completion 

Vital signs 02-Apr-08 
Cytokines 29-Jul-08 
TBI &Fracture 29-Mar-10 
TBI & 02 29-Mar-10 

Cytokines 31-Jan-2010 
Vital Signs On-going 

Obtain Institutional Review Board (IRB) approval/or recruiting and monitoring TBI patients. 

All human sub-projects have received IRB approval from the University of Maryland 
(UMB), IRB and the USAMRMC ORP, HRPO. 

Sub-project 1: Vital Signs Data in Trauma Patients 
This project was initially approved by UMB, IRB and USAMRMC ORP, HRPO upon 

continuing review on 2121/08. This study was then re-assigned to the current project "Early Support 
of Intracranial Perfusion," on 2/26/08. 

During Year 1 several amendments were made to the project including a waiver of informed 
consent. The most recent annual renewal for this protocol was submitted_ to UMB IRB in December 
and approved for continuation on 12/07/09. The continuing review report was submitted to 
USAMRMC ORP, HRPO on 01/06/10. 

Based on successful (99.2%) matching of the 2008 - 2009 STC admission vital signs data for 
patients fitting enrollment criteria, and the enrollment of 4995 subjects, an amendment will be 
submitted in early October 2010, to request the enrollment of an additional 9000 subjects, which 
will complete the 2010 admission year. 
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CONCLUSIONS 

At the conclusion of Year 3 significant progress has been made toward meeting overall 
project milestones. The infrastructure of staff, technology and data management to support the 
completion of sub-projects and long-term assessment of TBI patients had been created. The robust 
Brain Resuscitation Registry (BRR) needed to accomplish the goals of this multi-year project has 
been implemented and continues to undergo refinement. Recruitment and data collection for the 
Vital Signs human sub-projects is ongoing, and well as data analysis and prediction model 
development. Sub-project 2, Cytokines has completed recruitment, preliminary specimen 
processing is completed, data analysis has been initiated and final subject follow-ups will be 
finished in Ianuary 2011. Revisions to the animal sub-projects are complete, needed materials have 
been purchased and research activities will occupy the no-cost extension year. Two retrospective 
human sub-projects are nearing completion of data analysis. The protocol for the final new human 
use sub-project will be submitted for approvals in October 2010 

REFERENCES 

No new literature searches were undertaken in Year 3. 

In preparation for the new human use protocol, TCD and BAM the following article was located to 
serve as a foundational resource and an expanded literature search is planned for the future 

Oertel M, Boscardin WI, Obrist W, Glenn TC, et al. Posttraumatic vasospasm: the 
epidemiology, severity and time course of an underestimate phenomenon: a prospective study 
performed in 299 patients. I Neurosurg 103:812-824,2005. 
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Relationship of Serum Biomarkers to Depth and Duration of Secondary Insults 
Following Severe TBI 

Background: Neuroinflammation is a predominant feature of severe traumatic brain injury 
(sTBI). The management of sTBI focuses on prevention and treatment of intracranial 
hypertension (lCH) and cerebral hypoperfusion (CH). This study investigated the systemic effects 
of neuroinflammation and its relationship to clinical measures of disease severity. 
Methods: Patients with head AIS>3, age>I4, "isolated" TBI, need for intracranial pressure (lCP) 
monitor, and deemed survivable were prospectively enrolled. Serum and CSF were collected 
within 24 hours of injury and twice daily for 7 days. Specimens were analyzed by multiplex bead 
array assays. Pressure times time (PTD) was calculated for 12-hour periods for depth and 
duration of episodes of ICH (ICP>20mmHg) and CH (cerebral perfusion pressure; 
CPP<60mmHg). Outcome was measured by Extended Glasgow Outcome Scale (GOSE) at 6 
months. 
Results: 25 patients were enrolled. Matched CSF was available in 11. Mean head AIS was 
4.2±O.7, Marshall score was 2.6±O.7, and admission GCS was 6.3±4.0. Elevated serum and CSF 
levels of IL-IB, IL-6, IL-8, IL-IO and TNF- O were found in all patients. Correlations were found 
between serum levels of IL-8 and TNF- O and PTD of ICH (r=0.44 and r=0.43, p<0.05) and CH 
(r=O.54 and r=0.25, p<0.05). No correlations between CSF levels and clinical variables were 
noted. Mean admission and bi-daily levels of IL-8 were higher in patients with poor outcome 
(GOSE <5). 
Conclusions: Inflammatory mediators are detectable in the serum of patients with sTB!. 
Elevated levels of IL-8 and TNF- O in the serum, but not CSF, during episodes of ICH and CH 
imply there are significant systemic effects of these events. These serum biomarkers are 
promising as diagnostic or therapeutic targets and have significant implications for the role of 
inflammatory system manipulation in the management of sTB!. 

Mean Dally Values (pg/ml) 

Good Outcome Poor Outcome 
n=15 n=9 p value 

IL-1b 49.3±170.8 6.5±15.7 0.01 

IL-6 108.1 ±172.9 251.6±1338.6 0.17 

IL-8 24.4 ±20.1 95.7±383.3 0.02 

IL-10 66.7±163.5 52.7 ±66.4 0.40 

TNF-a 8.0 ±4.2 11.7±13.5 <0.001 

Peak Admission Values (pg/ml) 

Good Outcome Poor Outcome 
n=15 n=9 pvalue 

IL-1b 65.6±246.5 8.8 ±11.4 0.53 

IL-6 174.6 ±146.4 1442 ±151.0 0.63 

IL-8 31.5 ±19.1 67.4 ±57.0 0.03 

IL-10 106.5 ±287.4 48.8 ±56.3 0.56 

TNF-a 8.03±7.7 9.2 ±4.5 0.69 
21 



Dynamic Three-Dimensional Scoring of Cerebral Perfusion Pressure and Intracranial 
Pressure Provides a Brain Trauma Index that Predicts Outcome in patients with Severe 

TBI 

Background: Data on intracranial and cerebral perfusion pressure (ICP, CPP) guide therapy in 
severe traumatic brain injury (TBI), but current linear analytic methods are insufficiently 
sensitive and specific for prognosis in dynamic situations over time. 
Methods: We have developed algorithms incorporating continuous, automated, digital lep and 
CPP monitoring data into a pressure-times-time 'dose' (PTD) function. In the present study, we 
calculated cumulative doses using thresholds of ICP>20 mmHg and CPP <60 mmHg and 
graphed these as a Brain Trauma Index (BTl). We then compared the predictive power of BTl <3 
and <2 for 30-day mortality, 3- and/or 6-month Extended Glasgow Outcome Scale (GOSE) <5, 
using receiver operator characteristics (ROC) analysis. We then graphed BTl values for each 
patient as linear functions over time as a step toward development of a real-time bedside 
monitoring tool. 
Results: Twenty eight subjects yielded 2858.4 hrs of data (1,715,040 data points). BTk3 and <2 
were better than ICP>20 mmHg in predicting mortality (p=O.OOl). BTk2 was more powerful 
than CPP<60 mmHg in predicting unfavorable GOSE at 3and 6 months (p<0.05). 

Conclusion: Calculation of a BTl from continuous digital data predicts outcome in severe TBI 
and has potential for the design of real-time bedside early-warning systems 

Figure 1: Slopes defining critical quadrants of Brain Trauma Index. 
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Association of CSF Biomarkers and Secondary Insults Following Severe Traumatic 
Brain Injury 

Background: Management of severe traumatic brain injury (TBI) focuses on mitigating 
secondary insults. There are a number of biomarkers that are thought to playa part in secondary 
injury following severe TBI. Two of these, S 1008 and neuron-specific enolase (NSE), have been 
extensively studied in the setting of neurological injury. This pilot study was undertaken to 
investigate the relationship of S1008 and NSE to clinical markers of severity and poor outcome: 
intracranial hypertension (ICH) and cerebral hypoperfusion (CH). 
Methods: Patients at the R Adams Cowley Shock Trauma Center were prospectively enrolled 
over an 18-month period. Inclusion criteria were: age >18, admission within the first 6 hours 
after injury, Glasgow Coma Scale (GCS) <9 on admission, isolated TBI, and placement of an 
intraventricular catheter (IYC). Patients were managed according to an institutional protocol 
based on the Brain Trauma Foundation Guidelines. CSF was collected from the IYC on 
admission and twice daily for 7 days. SlOOP and NSE levels were analyzed by ELISA. CSF 
levels drawn before (PRE) and after (POST) 12-hour time periods were compared to percentage 
time intracranial pressure (ICP) >20 mmHg (% ICP20) and cerebral perfusion pressure (CPP) <60 
mmHg (% CPP60), and cumulative 'Pressure times Time Dose' (PTD) for episodes of ICP >20 
mmHg (PTD ICP20) and CPP <60 mmHg (PTD CPP60). Statistical analysis was performed using 
the Student's t test and non-parametric Wilcoxon statistic to compare means based on continuous 
data. Linear regression methods were applied to compare levels of S lOOp and NSE with ICP and 
CPP. 
Results: Twenty-three patients were enrolled. The cohort of patients was severely injured and 
neurologically compromised on admission (admission GCS = 5.6 ±3.1, Injury Severity Score 
[ISS] = 31.9 ±1O.6, head Abbreviated Injury Scale [AIS] = 4.4 ±O.7, Marshall score = 2.6 ±O.9). 
Elevated levels of SlOOP and NSE were found in all 223 CSF samples analyzed. ICH was found 
to be associated with PRE and POST S lOOp levels when measured as % ICP20 (r=O.20 and 
r=O.23, p<O.Ol) and PTD ICP20 (r=O.35 and r=0.26, p<0.001). POST increasing NSE levels were 
weakly correlated with increasing PTD ICP20 (r=O.16, p=O.Ol). PRE SlOOp levels were 
associated with episodes of CH as measured by % CPP60 (r=O.20, p=O.002) and both PRE and 
POST SlOOp levels were associated with PTD CPP60 (r=0.24 and r=O.23, p<O.OOl). PRE and 
POST NSE levels were also associated with episodes of CH as measured by % CPP 60 (r=O.22 
and r=O.18, p<O.Ol) and PTD CPP60 (r=O.20 and r=O.21, p<0.01). 

Conclusions: In this preliminary analysis, SlOOP levels were associated with ICH and CH over 
a full week of ICP monitoring. We also found associations between CH and NSE levels in CSF 
of patients with severe TBI. Our results suggest that there is an association between levels of 
ICH and CH and these biomarkers when measured prior to episodes of clinically significant 
secondary insults. These markers of neuronal cell death demonstrate promise as both indicators 
of impending clinical deterioration and targets of future therapeutic interventions. 
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Depth and Duration of Secondary Insults Predicts Outcome in Patients with Severe 
Traumatic Brain Injury 

Introduction: Secondary insults following severe traumatic brain injury (sTBI) are known to be 
associated with poor outcome. Automated continuously recorded vital signs have been shown to 
be superior to manual recordings in capturing these events. The purpose of this study was to 
investigate the use of automated continuously recorded vital signs early after injury to predict 
outcome following sTBI. 
Methods: Patients with head AIS2:3, age> 14, "isolated" TBI and need for intracranial pressure 
(lCP) monitoring were prospectively enrolled. Outcome was measured by Extended Glasgow 
Outcome Scale (GOSE) at 6 months. Continuous, automated, digital data was collected every 6 
seconds. Five minute means were calculated and mean values over the duration of monitoring 
were recorded. Percent time (% time) and pressure time dose (PTD, mmHg*h) above and below 
thresholds (ICP>20 and >30 and CPP<50 and <60) were calculated and analyzed to compare 
their ability to predict 30-day mortality and functional outcome by ROC. 
Results: 60 patients were enrolled. Demographics included: mean age 34 years (range 16-83), 
mean admission GCS of 6.4 ±3.1, mean head AIS of 4.2 ±O.7 and mean Marshall score of 2.5 
±O.9. The 30-day mortality rate was 13%. 35 patients had good neurological outcomes 
(GOSE>4). Moderate (CPP<60) and severe (CPP<50) cerebral hypoperfusion and moderate 
(ICP>20) and severe (ICP>30) intracranial hypertension as measured by %time or PTD were 
predictive of both mortality (AVC range 0.85-0.75, p<0.05) and poor neurological outcome 
(0.68-0.78, p<0.05). PTD of cerebral hypoperfusion better predicted poor functional outcome 
Conclusions: Automated continuously recorded vital signs early after injury are useful in 
predicting outcomes in patients with sTBI. Cerebral hypoperfusion and intracranial hypertension 
are clearly associated with poor outcome. Automated processing of measures that account for 
both depth and duration of secondary insults shows promise in the development of predictive 
models for patients requiring intervention and has potential for the design of real-time bedside 
early-warning systems. 
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Early Hypotension Redefined in Patients with Severe TBI 

Purpose of the study: Secondary insults following severe traumatic brain injury (sTBI) are 
known to be associated with poor outcome. Automated continuously recorded vital signs have 
been shown to be superior to manual recordings in capturing these events. The purpose of this 
study was to investigate the use of automated continuously recorded vital signs early after injury 
to predict functional outcome following sTB!. 
Methods: 28 patients with head AIS~3, age>14, "isolated" TBI and need for intracranial 
pressure (ICP) monitoring were prospectively enrolled at a single large urban tertiary care 
facility. Outcome was measured by Extended Glasgow Outcome Scale (GOSE) at 3 months. 
Continuous, automated, digital data was collected every 6 seconds for 72 hours after admission. 
Five minute means were calculated and minimum, maximum, and mean values over the 1st 12, 
24, 48, and 72 hours of ICU admission were captured for systolic blood pressure (SBP), mean 
arterial blood pressure (MAP), heart rate (HR), ICP, cerebral perfusion pressure (CPP), and 
oxygen saturation (Sp02). Percent time (% time) and pressure time dose (PTD) above and below 
thresholds (SBP<90, <100, <110 and <120, MAP<60 and <70, HR>100 and >120, ICP>20 and 
>30, CPP<SO, <60, and > 100, Sp02 <88 and <92) were calculated for these time periods and 
analyzed to compare their ability to predict GOSE by ROC analysis and calculation of 
sensitivity and specificity. 
Summary of results: Demographics included: mean age 3S.S years (range 17-6S), mean 
admission GCS of S.O ±1.9, mean head AIS of 4.1 ±O.7 and mean Marshall score of 2.4 ±1.0. 
The 30-day mortality rate was 14%. 11 patients had good neurological outcomes (GOSE >4). 
Traditional markers of poor outcome (age, admission GCS, Marshall score, head AIS) were no 
different between the groups with good and poor outcome. Moderate (CPP<60) and severe 
(CPP<SO) cerebral hypoperfusion were predictive of poor neurological outcome for all 4 time 
periods (AUC range 0.87-0.68, p<O.OS). Intracranial hypertension (ICP>20) was predictive of 
poor outcome for 24, 48, and 72 hour periods of ICU monitoring (AUC range 0.7S-0.69, p<O.OS). 
Within the 1st 12 hours of ICU admission, SBP was also found to be predictive of poor outcome. 
PTD SBP <110, PTD and % time SBP <100, and minimum SBP were highly correlated with 

poor outcome. There was a trend toward poor outcome in patients with SBP <120 in the 1st 12 
hours of ICU admission as well (Figure). 
Conclusions: Automated continuously recorded vital signs early after injury are useful in 
predicting functional outcome in patients with sTB!. Cerebral hypoperfusion, intracranial 

---hypertension and systemic hypotension are clearly associated with poor outcome. Traditional 
definitions of hypotension, namely SBP <90, may underestimate the effect of systemic 
hypoperfusion on neurological recovery. Systemic blood pressure targets closer to 120 may be 
more efficacious in minimizing secondary insults. More work is needed to validate these 
preliminary findings. 
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Early Fracture Fixation Improves Select Outcomes in Traumatic Brain Injury Patients 

Introduction: There are several conflicting studies investigating the correlation between early 
definitive femur fracture fixation and outcomes in traumatic brain injury (TBI) patients. Our goal 
was to determine if timing of fracture fixation could predict patient outcomes. 
Methods: We retrospectively reviewed 167 consecutive TBI patients with femoral shaft fractures 
between 06/2002 and 06/2009 at a large urban tertiary care facility. All patients with a head 
AIS>2 who survived at least 12 hours beyond admission were included in the study. Patients 
were grouped according to timing of definitive femur fracture fixation. Outcomes variables 
included mortality, intensive care unit (ICU) and hospital length of stay, and discharge Glasgow 
Coma Scale (GCS). Logistic regression analysis was used to determine whether early «24 hours) 
or late (>24 hours) fracture fixation correlated with patient outcomes. 
Results: The majority of patients (n= 121 or 72.5 %) were male and admitted for blunt trauma 
(n= 165 or 99%). Mean age, admission GCS, and ISS scores were 32 ± 16 years, 11.1±4.7, and 
33±12. ICU and hospital length of stay was 8.1±1O.7 and 14.3±11.9 days. Average discharge 
GCS was 13.1+ 3.1 and the mortality rate was 5 %. One-hundred and sixty-five patients were 
treated with intra-medullary nailing, and two patients received external fixation devices as 
definitive treatment. A total of 50 patients underwent early definitive fracture fixation within 
twenty-four hours, while the remaining 117 patients underwent a later operation. After 
controlling for age, gender, Injury Severity Score, mechanism of injury, and admission GCS, 
patients who underwent definitive femur fracture fixation within 24 hours of admission had 
significantly shorter ICU length of stay (p=O.OOI, OR 0.19, CI 0.07-0.51) and hospital length of 
stay (p<0.0001, OR 0.08, CI 0.03-0.18) than those patients whose operation occurred later. 
Discharge GCS and mortality were not found to correlate with timing of fracture fixation in the 
first 24 hours of hospitalization. 
Conclusion: Early femur fracture fixation in TBI patients correlates with significantly reduced 
hospital and ICU lengths of stay. Furthermore, early definitive fracture stabilization has no 
detrimental effect on mortality and discharge GCS as previous studies have reported. 
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New Uses of Vital Signs Signals During Resuscitation to Triage, Assess Provider 
Performance and Predict Outcomes 

Introduction: Increasing patient survivability by predicting outcomes, anticipating life saving 
interventions (LSI) and making accurate triage decisions are major objectives of resuscitation. A 
critical decision is made every 72 seconds during initial management (1) and protocol 
compliance occurs in only 53% of trauma patient resuscitations when measured prospectively 
(2). Vital signs (VS) data collected in pre-hospital care, during initial trauma center resuscitation 
and recorded in the trauma registry (TR) are often missing or unreliable (3). We used a device to 
automatically and continuously collected pre-hospital data to test the hypothesis that VS predict 
need for trauma center care, LSI and provider performance better than use of retrospectively 
compiled TR data or other triage tools. 
Methods: After IRB approval, 6 helicopters in Maryland Emergency Medical Services were 
equipped with a Vital Signs Data Recorder (VSDR) to capture continuous VS from patients. Pre­
hospital LSI (fluid bolus, chest decompress, intubation, CPR etc) and those LSI carried out 
within 2 hours after arrival in the trauma center were considered outcome variables. VSDR and 
TR data were reviewed by three experts and findings compared using Bland- Altman method 
when the intra-class correlation coefficient (ICC) between three subject raters was high. A 
multivariate analysis was performed to determine which VS variable best predicted LSI's using 
the values in the TR and the VSDR and t-tests to compare prediction of VSDR data with other 
triage tools (TRISS, RTS). 
Results: Pre-hospital VSDR data were collected in 177 patients. The ICC between three raters 
ranged from 0.72-0.98. There was significant difference (p<O.OOI) from TR data in highest and 
lowest heart rate(HR), systolic blood pressure (SBP), oxygen saturation (Sp02). VSDR HR 
(>120/min) and Sp02 «90%) predicted LSI, while none of the TR VS did so in a multivariate 
model (Table 1). The area of receiver-operator-curve (ROC) for the VSDR data was 0.82 in the 
model which was validated by bootstrapping (Table 2). VSDR and TR data showed that SBP was 
not an independent predictor of LSI and SBP< 90 did not identify any patient needing a LSI. 
End-tidal carbon dioxide (ETC02) assessed provider performance (Fig 1) and VSDR Sp02 
predicted mortality (ROC 0.84). 
Conclusions: VSDR data increased the odds of predicting LSI's and Sp02 identified patients 
who died. TRISS would be different with VSDR data that identified BP<90mm Hg in Y2 patients 
missed by TR. The VSDR data triaged need for trauma center care (mortality) better than TR 
data. ETC02 identified performance to Brain Trauma Foundation pre-hospital head injury 
management protocols (4). By increasing the VS accuracy beyond TR and providing continuity 
of real data, real-time VS acquisition may provide better trauma prognostic models to reduce 
adverse outcomes and cost associated with current 35-65 % trauma patient triage errors 
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High Frequency ICU Perfusion Pressure Critical Episodes Predicts TBI Patient Outcomes 

Introduction: Continuous monitoring of intracranial pressure (ICP) and cerebral perfusion 
pressure (CPP) for traumatic brain injury (TBI) patients in intensive care units (ICU) may be 
performed at bedside and telemedically by specialists. However, most outcome predictors 
derived from high frequency monitoring are currently based on hourly manual charting. Critical 
episodes of perfusion pressure (lCP >20 and CPP <60 rom Hg) occur frequently but often go 
unrecorded by standard chart recording. We report a real-time high frequency ICU ICP and CPP 
collection and episode calculation method which predicts outcome. 
Methods: With IRB approval, we studied 30 severe TBI patients (defined as Glasgow Coma 
Scale GCS <9, requiring ICP monitoring). Trauma Center wide real-time high frequency ICU 
patient monitor (GE Marquette) digital recorder were developed for continuous recordings of ICP 
and CPP at 6 sec time intervals. Potential artifacts were cleaned by a moving median with a 
window-size of 5 data points (30 sec). Five min mean values and episode of ICP >20, CPP <60 
rom Hg were calculated for total ICU stay (4.6 +/- 2.6 days)/ We calculated the prediction values 
for three unfavorable outcome measures (28-day mortality, discharge GCS<13 and 3-month 
Extended Glasgow Outcome Scale (GOSE) <5) using receiver operating characteristics (ROC) 
methods. 
Results: The area under the ROC curve of ICP >20, CPP <60 rom Hg thresholds for predicting 
GOSE were 0.83 and 0.84; for mortality were 0.67 and 0.73 and for discharge GCS were 0.84 
and 0.74 respectively. The both critical episodes of ICP >20 and CPP <60 mmHg showed 
statistically significant prediction value { p=0.001-0.042.}. 
Conclusion: High frequency ICU perfusion pressure critical episodes may be used to develop a 
real-time TBI ICU patient treatment index to provide in-time reminder for the care providers. 
Future telemedicine systems may benefit from such an index to improve real-time patient care. 
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Early Diffusion Changes Following Controlled Cortical Impact Injury on a Rat Model 
Introduction: The understanding of tissue alterations at an early stage following traumatic brain 
injury (TBI) is critical for injury management and prevention of more severe secondary damage. 
Previous studies have shown decreased apparent water diffusion (ADC) within hours after TBI 
followed by increased diffusion, days or weeks after TBI12. Understanding tissue changes very 
early following injury can provide an insight into possible treatment windows. In this study, we 
investigated the early changes in tissue water diffusion following mild to moderate controlled 
cortical impact injury using a rat model. 
Methods: TBI model: Six adult male Sprague-Dawley rats (300-350 gms) were subjected to left 
parietal controlled cortical impact injury. After being anesthetized initially with 4% isoflurane, the 
rats were maintained at 2% isoflurane, and the left parietal bone was exposed via a midline incision 
in a stereotactic frame. A high-speed dental drill was used to perform a left-sided 5 mm craniotomy 
that was centered 3.5 mm posterior and 4 mm lateral to bregma. A 5 mm round impactor tip was 
accelerated to 5 mlsec with a vertical deformation depth of 1.0-1.5 mm1.5 mm and impact duration 
of 50 ms. The bone flap was immediately replaced with dental acrylic and the scalp incision was 
closed with 3.0 silk. The experimental protocol was approved by the Committee for the Welfare of 
Laboratory Animals of the University of Maryland. 
Imaging: All imaging was performed on a Bruker Biospec 7.0 Tesla 30 cm horizontal bore scanner 
using Paravision V software. A Bruker surface array coil was used as the receiver and a Bruker 
72mm linear-volume coil as the transmitter. T2-weighted (TEffR = 56.8/5500ms, 4 echo train 
length, 2 averages) and diffusion weighted images (TEffR = 50/6000ms, single shot spin echo EPI, 
30 directions, 5 bO images, b = 1000s/mm2, 2 averages) were acquired at before the injury and 2 
hour and 4 hour after injury. During the entire imaging time, the animal was under 1-2% isoflurane 
anesthesia and 1 Umin oxygen administration via a nosecone. Both respiration and heart rate were 
monitored. DTI Analysis: DTI maps were generated offline using FDT (FMRffi's Diffusion 
Toolbox, Oxford, UK). Regional measures of ADC and FA were obtained from the hippocampus. 
Results: At 2 hour after injury, ADC was significantly reduced and FA increased (p<0.05) in the 
ipsilateral hippocampus. FA was also increased (p<0.05) in the ipsilateral thalamus. Although non­
significant, a trend for ADC reduction was observed bilaterally in the thalamus and the ipsilateral 
olfactory region (p<0.1). For FA, an increasing trend (p<O.l) was also observed for the contralateral 
hippocampus while a decreasing trend (p<0.1) was observed in the olfactory region. At 4 hour after 
injury, a significant increase in FA (p<0.05) was observed in the ipsilateral hippocampus and the 
thalamus. An increasing trend (p<O.I) for FA was observed in the contralateral hippocampus and 
thalamus. Although changes in DTI metrics remained abnormal from the baseline 
Discussion: This studied showed a decreased ADC and increased FA in regions in close proximity 
to impacted regions (ipsilateral hippocampus and bi-Iateral thalamus) immediately following TBI, 
with the ipsilateral hippocampus most affected, followed by ipsilateral thalamus and contralateral 
thalamus. Remote regions such as the ipsilateral olfactory area were affected to a lesser degree. At 
the 4 hour time point a large inter-individual variation was observed with an overall trend towards 
recovery in the ipsilateral hippocampus while the thalamus was still going through significant 
worsening stage. Our study indicates a distance effect from the site of injury and suggests a 
therapeutic window of about 2-3 hours to limit the cascade of events that may lead to secondary 
injury. 
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Early Metabolic Changes Following Focal Traumatic Brain Injury in Rats Measured Using 
IHMRS 

Introduction: Traumatic brain injury (TBl) is characterized by acute physiology changes that may 
playa significant role in the final outcome resulting from such an injury. Experimental models of 
TBl provide a useful tool for understanding the very early cerebral metabolic changes induced by 
the damage. Previous in vivo 1H MRS studies indicated a time evolution of TBI. Schuhmann et al 
showed that total creatine (tCr), N-acetylaspartate (NAA), glutamate (Glu), and choline (Cho) 
concentrations significantly decreased during the first 24 hour, and then started to increase at 7 days. 
At the same time, lactate (Lac) increased and reached its peak at 7 days after TBI. Because the early 
neuro-metabolic changes may offer valuable information for the clinical neuroprotective treatment, 
in the present study, we investigate the post-traumatic neuro-metabolic changes at 3-hours and 5-
hours after TBl following a focal controlled cortical impact injury in rat, using in vivo 1H MRS at 7 
Tesla. 
Materials and Methods: TBl Model: Six adult male Sprague-Dawley rats (300-350 gms) were 
subjected to left parietal controlled cortical impact injury. After being anesthetized initially with 4% 
isoflurane, the rats were maintained at 2% isoflurane, and the left parietal bone was exposed via a 
midline incision in a stereotactic frame. A high-speed dental drill was used to perform a left-sided 5 
mm craniotomy that was centered 3.5 mm posterior and 4 mm lateral to bregma. A 5 mm round 
impactor tip was accelerated to 5 mlsec with a vertical deformation depth of either 1.0 or 1.5 mm 
and impact duration of 50 ms. The bone flap was immediately replaced with dental acrylic and the 
scalp incision was closed with 3.0 silk. The experimental protocol was approved by the Committee 
for the Welfare of Laboratory Animals of the University of Maryland. In Vivo 1H MRS. All 
experiments were performed on a Bruker Biospec 7.0 Tesla 30 cm horizontal bore scanner using 
Paravision 5.0 software. A Bruker 1H surface coil array was used as the receiver and a Bruker 72 
mm linear-volume coil as the transmitter. Proton density-weighted MR images were taken using a 
2D rapid acquisition with relaxation enhancement (RARE) sequence (TRffE=5500/9.5 ms) for 
anatomic reference. A point-resolved spectroscopy (PRESS) pulse sequence (TRffE=2500/20 ms) 
was used for data acquisition from a 3 x 3 x 3 mm3 voxel. The voxel covered immediate 
pericontusional zone, all layers of the hippocampus, and superior thalamic structures. Data were 
acquired before injury (baseline), at 3-hours, and at 5-hours after injury in both pericontusional 
voxel (Fig 1A) and the corresponding contraleteral side (Fig 1B). For each spectrum, 300 
acquisitions were averaged for a total of 13 min. At all times during the experiment, the animal was 
under 1-2% isoflurane anesthesia and 1 Umin oxygen administration. Respiratory monitoring was 
performed and the animal was maintained at 36-37 oC during the entire experiment. 
Proton MRS data was fitted using the LC Model package, and only metabolites with standard 
deviations (SD) % < 20 were included for further analysis. The in vivo mean metabolite 
concentrations relative to tCr at each time point were subjected to paired one-tail Student t-test in 
comparison with the control time point. 
Results: The in vivo 1H spectra demonstrate good spectral resolution and sensitivity both at the 
pericontusional side and the contraleteral side. Among the metabolic ratios of, NAAItCr, GlultCr 
and Cho/tCr demonstrated significant changes over the five hours following injury. No statistically 
significant differences were found in glutamine, myo-inositol, and taurine concentrations among the 
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three time points in either the pericontusional voxel itself or in comparison to the contraleteral side. 
Significant reduction of 32 % and 33 % NAA was observed in the pericontusional voxel at 3-hours 
and 5-hours after TBI respectively compared to the baseline. Although the contraleteral voxel also 
exhibited significant reduction in NAA this reduction was much lower compared to the 
pericontusional side. No significant differences in NAA were found in the pericontusional side 
between the 3 and 5 hours. In addition to NAA, our results showed that Glu significantly decreased 
at 3-hours after TBI in the pericontusional voxel, compared to the baseline (0.922 ± 0.137 vs. 1.155 
± 0.202, p<0.03) and the contraleteral side (0.922 ± 0.137 vs. 1.12 ± 0.08, p<0.04). As with NAA, 
we did not observe a significant difference between 3-hours and 5-hours in Glu level in the 
pericontusional side. Cho in the pericontusional voxel was significantly lower than the contraleteral 
side (0.166 ± 0.014 vs. 0.179 ± 0.013, p<0.05) at 3-hours after TBI. Although, the signal intensities 
of Lac were undetectable during the baseline, varying levels (0.115 - 2.098) of increased Lac signal 
intensity was observed in the pericontusional voxel at 3-hours and 5-hours after the injury, but not 
in the corresponding contraleteral voxel. 
Discussion: This study shows that there exists a temporal window of brain vulnerability after TBI 
in rat, which is in line with previously studies [2]. Furthermore, our investigation demonstrates that 
the neuro-metabolic changes following TBI associated with NAA, Glu and Cho may have their most 
significant changes as early as three hours after the injury. Since the pericontusional voxel chosen in 
this study is of special clinical interest for neuroprotective treatment strategies, our finding may 
indicate a temporal window of about 3 hours for planning interventions that target cerebral energy 
metabolism. 
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Trauma Center Wide Real-time Patient Vital Signs Data Registry (VSDR) for 
Improvement of Patient Safety 

Introduction: Continuous display of patient physiological data is standard patient care practice but real­
time recording, retrieval and processing of such data is not. In time-critical, multi-tasking domains 
requiring life-saving interventions, documentation is sparse. We evaluated reliability of an automated vital 
signs collection system and tested proof of concept for 24x7 retrospective constructions of events and 
prospective prediction of patient outcome 
Methods: Real-time patient vital signs data feeds from 102 monitors (GE-Marquette-Solar-7000/8000) 
were networked in a major trauma center to include 12 bed trauma resuscitation unit (TRU), 2 Angio, 1 
CT, 6 operating-rooms (OR), 9 post-anesthesia care unit, 36 intensive care (lCU) beds and 36 
intermediate care beds. Real-time vital signs waveforms, trends and alarms were compressed and 
transferred to a centralized VSDR server through the secured hospital intranet and archived. Custom 
processing and viewing programs (based on MatLab and VisualBasic) were developed for real-time patient 
data abstraction, artifact removal, 5-60 min time window averaging, Vital Signs (VS) variability and 
summary data output to both text and MS-Excel format. 
The server was interfaced with Trauma Registry which provides over 100 patient-specific demographics 
and outcomes. Real-time ICU VS viewer was developed to highlight the critical episode of VS and the 
extend-Dose for past 12 hours, 24 hours and 7 days. In addition a 2-Dimensional display of Shock Index 
(SBP vs HR) and Brain Trauma Index (CPP vs ICP) were developed to track the ICU patient trajectory in 
real-time. VS specific processing and prediction software were also developed to allow retrospective 
construction of events and prospective prediction of patient outcome. 
Results: During 18 months over 80 VS variables were collected including continuous electrocardiogram, 
oxygen saturation, end-tidal carbon dioxide (ECG/Sp02lC02IRespiration) waveforms at 240Hz. The 
numerical values of heart rate, blood pressure, intracranial pressure, cerebral perfusion pressure, respiratory 
rate, temperature, (HRlBP/Sp02IETC02IICP/CPPIRRlTEMP etc) were recorded at every 6 seconds for all 
102 patient beds. Raw data was compressed over 90% before being sent to the VSDR server. Data rates 
after compression averaged 76.4 KBIh for numerical and 12.3MBIh for waveforms. Over 55,000 days (102 
patient-Iocations*365days*1.5 years= 55,845 days) of over 10,000 patients vital signs were collected with 
system uptime> 99%. Based on patient admission and discharge timing from medical records, the system 
matched over 95% of patients and provided precise identification of timing and duration of hypotensive 
episodes, hypoxemic events, tracheal intubation (by ETC02 waveforms). 
During an 18-month emergency intubation study, 98% of 850 patients continuous VS data were captured. 
Detailed VS analysis shows the rate of physiological adverse events associated with emergency intubation 
were oxygen saturation < 90% [25% of cases] and increase in heart rate> 20 bpm [22% of cases]. A 
detailed trauma resuscitation unit (12 beds) alarm study shows over 25,000 alarms were recorded per 
month (10% patient crisis, 30% patient warning, 26% patient advisory and 42% system warning alarms). 
Median alarm duration was 4 sec and 55.1 % of total alarms were less than 5 second. Top three reasons for 
alarms are Sp02 Probe (23.4%), Tachycardia (6.1 %) and Leads Fail (6.1 %). In a 12 beds neuro trauma 
ICU , continuous auto collected VS (SBP,ICP,CPP) provides statistically significant prediction power for 
mortality, hospital and ICU length of stay, discharge GCS and 3 Month GOSE. 
Conclusions: The trauma center wide system was reliable and provided a continuous record of events, 
because there were very few gaps in data collection. The system allowed automated documentation of 

patient care during time critical trauma patient reception and resuscitation, OR management and unusual 
events. Multivariable logistical regression of these data and linking with outcome could be used for Quality 

Management, teaching and health services research. Decision support algorithms and outcome predictions 

may be improved with such previously underutilized continuous vital signs data. Live ICU VS viewer with 
2-D Shock and Brain Trauma Index display may enhances the situation awareness in real time. 
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CSF Levels of NSE and SIOOB in Patients with Severe TBI: Correlation with Clinical 
Measures 

Background: Management of traumatic brain injury (TBI) focuses on mitigating against 

secondary insults, such as edema and ischemia. Both neuron-specific enolase (NSE) and S 100-

beta (S100b) are well-known markers of brain injury. Several studies have suggested correlation 

with outcome following severe TBI. We sought to determine the association of NSE and S100b 

with the traditional clinical markers of severity and poor outcome; low cerebral perfusion 

pressure (CPP), intracranial hypertension (lCH), and cerebral hypoxia. 

Methods: Patients with head AIS>3, age> 14, "isolated" TBI, need for intracranial pressure (ICP) 

monitor, and injury deemed survivable were prospectively enrolled. CSF was collected within 24 

hours of injury and twice daily for 7 days and analyzed by ELISA. 

Results: NSE and S100b concentrations in 100 CSF samples were matched with clinical 

variables recorded for each 12 hour period. Enrolled patients had a mean age of 35.8 ±15.1. 

77.8% were male. Mean head AIS was 4.3 ±D.5 and admission GCS was 5.2 ±2.0. Maximum 

ICP and minimum CPP were not significantly associated with NSE or S100b levels. Duration of 

ICH (% of time ICP>20) was found to correlate with NSE levels (Figure 1). Degree of cerebral 

hypoxia, measured by brain tissue oxygen partial pressure (Pb02), was correlated with increased 

S 100b levels (Figure 2). 

Conclusions: Both NSE and S 100b were associated with clinical measures of TBI severity. 

Further investigation is needed, but these markers of neuronal cell death demonstrate great 

promise as future targets of therapeutic interventions. 
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Heart Rate Variation Is Associated With Intractable Intracranial Hypertension And 
Cerebral Hypoperfusion 

Introduction:Heart rate variability (HRV), intracranial pressure (lCP) and cerebral perfusion 
pressure (CPP) may be linked but specific relationships have not been established. Integer heart 
rate variability (HRVi) correlates well with standard spectral analysis and permits extended 
monitoring periods. 
Hypothesis:We tested the hypothesis that continuous HRVi monitoring predicts intracranial 
hypertension and cerebral hypoperfusion as well as mortality and functional outcome after severe 
traumatic brain injury (TBI). We also evaluated the diagnostic and prognostic potential of 
continuous 'Autonomic Index' (AI=HRVi times PPVi) monitoring. 
Methods:Dense integer data collected during continuous automated ICU monitoring for periods 
of 1 to 11 days on 25 patients admitted to our level 1 trauma center after severe (TBI) (Glasgow 
Coma Scale <9). 1,715,000 data points were available for a mean 106±62 hours. 
Results:Dense integer data collected during continuous automated ICU monitoring for periods of 
1 to 11 days on 25 patients admitted to our level 1 trauma center after severe TBI.I,715,000 data 
points were available for a mean 106±62 hours. With CPP>60 mmHg, PP, HRVi and PPVi 
increased significantly in response to increasing ICP (p«O.OOI) while CPP <60 mmHg and 
PP<50 mmHg, even in the absence of ICH, was associated with a significant depression of HRVi 
and PPVi (p «0.001) (Figure 1). ICP up to 40 mmHg still evoked a significant increase in HRVi 
and PPVi (p«O.OOI), but CPP<50 mmHg accompanied by ICP>40 mmHg, was associated with 
suppression of both HRVi and PPVi. Mean HRVi, PPVi and AI predicted in-hospital mortality 
(sensitivity of 67%, specificity of 91-100%) as well as mean ICP and CPP. Percentage time of AI 
score <0.5 best predicted the long term functional outcome (AUC: 0.S4 ± O.OS). 
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Conciusions:HRVi and PPVi can provide useful prognostic information in patients with severe 
TBI, particularly when combined as the AI score. 
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Critical Care Monitoring in the Field: Pre-Hospital Continuous Vital Signs 
Acquisition Identifies Best Predictors of Life-Saving Interventions in Trauma 

Patients 

Introduction: Triage errors occur in a significant number of trauma patients. Vital signs 
(VS) data collected in pre-hospital care and recorded in trauma registries (TR) are often 
missing or unreliable. 
Hypothesis: This paper tested the hypothesis that passively recorded VS predict life-saving 
interventions (LSI) and need for trauma center care better than use of retrospectively compiled 
TR VS data. 
Methods: After IRB approval, 6 EMS helicopters were equipped with a Vital Signs Data 
Recorder (VSDR) to capture continuous VS from the patient onto a handheld PDA. Pre-hospital 
LSI's and those carried out within 2 hours after arrival in the trauma resuscitation unit (fluid 
bolus, CPR, drugs, intubation, transfusion etc) were considered outcome variables. A 
multivariate analysis was performed to determine which VS variables best predicted LSI's using 
the values in the TR and the VSDR 
Results: Pre-hospital VSDR data were collected in 177 patients. There was significant 
difference for the highest and lowest heart rate, systolic blood pressure (SBP), oxygen saturation 
between the VSDR and the TR data (p<0.001). VSDR heart rate (>120) and oxygen saturation 
«90%) predicted LSI's while none of the TR VS did so in a multivariate model. The area of the 
ROC for the VSDR data was 0.84 in the model which was validated by bootstrapping. VSDR 
and TR data showed that SBP was not an independent predictor of LSI. 
Conclusions: Automated VSDR data showed tachycardia and desaturation (not captured in the 
EMS run-sheet and TR) as best predictors of LSI and, therefore, need of trauma center care. 
Continuous automated vital signs acquisition may lead to development of better trauma 
prognostic models and reduce triage errors 
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Cerebrospinal Fluid Levels of Inflammatory Mediators: Association with Outcome Following 
Severe Traumatic Brain Injury 

Introduction: In patients with severe traumatic brain injury (TBI), the primary insult occurs at the time of 
initial trauma. The outcome following severe TBI is known to be associated with not only the severity of 
the primary insult, but the magnitude of secondary injury caused by an exceptionally complex interplay of 
numerous factors including neuroinflammation. There are a number of inflammatory mediators that are 
thought to playa part in secondary injury following severe TBI. The role of these mediators and the effect 
of this inflammatory process on outcome, however, are relatively poorly understood. 
Hypothesis: This pilot study was undertaken to determine the feasibility of measurement of inflammatory 
mediators in cerebrospinal fluid (CSF) over time and investigate the relationship of these mediators with 
outcome in patients following severe TBI. 
Methods: Patients at the R Adams Cowley Shock Trauma Center were prospectively enrolled over a 10-
month period. Inclusion criteria were: age >14, admission within the first 6 hours after injury, Glasgow 
Coma Scale (GCS) <9 on admission, isolated TBI, and placement of an intraventricular catheter (IVC). 
CSF was drawn on admission and every 12-hours for 7 days. CSF concentrations of interleukin-IB (IL-l 
B), IL-6, IL-8, tumor necrosis factor- D (TNFD), IL-lO, and IL-12 (p70) were analyzed using the 
Luminex® 200™ System (Luminex Corporation, Austin, TX) and the MilliplexTM Human Cytokine 
Immunoassay (Millipore Corporation, Billerica, MA). All samples were run in duplicate. Outcome was 
determined by the Extended Glasgow Outcome Score (GOSE) at one year following injury by an 
experienced trauma clinical research coordinator. GOSE 1-4 was defined as "unfavorable or poor 
functional outcome" and GOSE 5-8 as "favorable or good functional outcome." Student's t test was used 
to compare means based on continuous data. A p value of less than 0.05 was considered significant for all 
tests. 
Results: Nine patients were enrolled in this pilot study over 10 months. As predicted by the inclusion 
criteria for this study, this cohort of patients was severely injured and neurologically compromised on 
admission. There was one in-hospital death from transtentorial herniation and progression to brain death. 
GOSE follow-up was completed for the 8 surviving patients at 3 months, but one patient was lost to 
follow-up after that interview, leaving 7 patients with 6-month and I-year functional evaluations with 
GOSE. Two patients had significant functional improvement between the 6 month and 1 year follow-up 
periods. 
Elevated levels of cytokines were found in the CSF of all patients over published norms. Marked elevation 
ofIL-6, IL-8, and IL-lO levels were found. Overall low levels ofIL-l B, TNFD, and IL-12 were detected. 

Differences in mean admission levels of IL-6 and IL-8 between study subjects with good vs. poor outcome 
trended toward significance. Mean peak levels of IL-8 over the first week of admission were significantly 
different and mean peak IL-6 levels trended toward significance. There were no differences found in mean 
admission or mean peak levels of IL-l B, TNF ,IL-l 0, or IL-12. Traditional predictors of poor outcome 
such as admission GCS, Marshall Classification scores, and Head Abbreviated Injury Severity (AIS) Score 
wee no different between study subjects with good vs. poor outcome. 
There were marked differences in mean levels of IL-6, IL-8, and IL-l 0 over time between patients with 
good and poor outcome. Different patterns in cytokine levels over time were also noted. 
Conclusions: This preliminary analysis demonstrates that in patients with severe TBI, inflammatory 
mediators are detectable in the CSF at high concentrations and in varying patterns over time. IL-6 and IL-
8 seem to be particularly promising as indicators of poor outcome. The precise role of these inflammatory 
mediators; whether they are causative of secondary injury or whether elevated levels are simply a marker of 
worse injury, is the focus of further investigation. The association between levels of these mediators and 
outcome has significant implications for the role of inflammatory system manipulation in the treatment of 
severe TBI. 
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CPPIICP Dose Index: Dynamic 3·D Scoring in the Assessment of TBI 

Abstract: Intracranial pressure (ICP) and cerebral perfusion pressure (CPP) data are essential 
for guiding therapy in severe traumatic brain injury (TBI) patients. We developed algorithms to 
process the continuous, high frequency digital ICP and CPP recordings of severe TBI patients so 
that they may be better monitored through automated data collection and decision support for 
therapeutic management. We tested a CPP/lCP "dose" (pressure*time) index and demonstrated a 
high predictive power for unfavorable outcome. 
Introduction: Increasingly patient monitoring data is available in real-time from the hospital 
intranet. Algorithms to process such data for display and decision support purposes are needed to 
add value to patient care. In the case of TBI patients, development of a method to better estimate 
the critical dose of secondary injury after TBI is required 1. In contrast to calculations of 
frequency or duration of episodes of ICP and CPP above treatment thresholds, pressure*time 
dose calculation takes into account two dimensions (the extent and the duration) of the insult. 
Dose calculations were shown to be a good measure of the scope of secondary brain injury after 
TBe. We tested a CPP/lCP dose index as a way to process continuous digital data. Cumulative 
doses for both ICP and CPP above treatment thresholds (ICP>20 and CPP <60) were calculated, 
along with CPP/lCP dose index «3). The latter takes into account three dimensions (the extent 
of intracranial hypertension and hypoperfusion with the duration) of the insult, being abnormal 
when at least one measure is excessively above the treatment thresholds if not both. We 
evaluated the value of cumulative ICP and CPP dose and dose index measurements for 
assessment of TBI patients throughout therapy. 
Methods: We retrospectively analyzed the prospectively collected data of 27 severe TBI patients 
with Glasgow Coma Scale (GCS) <9, requiring ICP monitoring. Continuous digital recordings of 
ICP and CPP at 6 sec time intervals were acquired via a Trauma Center-wide vital signs data 
collection network. Potential artifacts were cleaned by a moving median with a window-size of 5 
data points (30 sec). Mean values were then calculated over 5 min. We computed cumulative 
pressure*time doses of ICP>20, CPP <60 mmHg thresholds and CPP/lCP dose index <3 for the 
total ICP monitoring period, and compared their prediction power for three unfavorable outcome 
measures (28-day mortality, discharge GCS<13 and 3-month Extended Glasgow Outcome Scale 
(GOSE) <5) using receiver operating characteristics (ROC) methods. 
Results: Twenty seven subjects yielded a total of 2890.6 hrs of data (1,734,374 data points). 
The CPP/lCP<3 dose showed consistently higher prediction value for all outcome measures, 
reaching to significance when compared to ICP>20 dose for predicting mortality (p=O.005). 
Conclusion: Cumulative CPP/lCP dose index by processing continuous digital data 

-----,demonstrated high predictive power for unfavorable outcome in severe TBI. Future research is 
warranted to evaluate the significance of different index limits. 
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Computerized patient vital signs charting method enhances real-time record keeping in 
ICU 

Abstract: Computerized collection of real-time patient monitoring records may provide timely 
access to high frequency data in comparison with manual chart recordings. However, potential 
artifacts may require clinical judgment to recognize. In an analysis of 2.882 end-hour vital sings 
(VS: heart rate, oxygen saturation systolic/mean/diastolic blood pressure and temperature) 
recording of nine ICU patients, computerized VS data collection was found to be more accurate 
than manual recordings. 
Introduction: Traditional practices of clinical vital signs (VS) documentation in the Intensive 
Care Unit (ICU) rely nurses to visually observe and manually record each hour or longer of 
patient vital signs onto the patient chart. Such charting may have the advantage of keeping nurses 
informed of VS, but it increases their already high workload. VSs were found to be often poorly 
documented in the period before adverse events 1. The potential valuable information from high 
resolution of beat-to-beat VS is lost with manual documentation of once per hour or longer. 
Moreover, computerized data may be processed to support real-time clinical decision making. 
We assessed the accuracy of continuously recorded VS from patient monitors (C_ VS) against 
manual VS (M_ VS). 
Methods: An ICU based VS collection network was used to collect VS from GE-Marquette 
Solar 7000/8000 monitor every 6 seconds. A cleaning algorithm was used by a moving median 
with a window-size of 5 data points (30 sec). Mean values were then calculated over 5 min for 
the following VS: Heart Rate (HR), oxygen saturation (Sp02), Intra-arterial Systolic 1 Mean/ 
Diastolic blood pressure (SAPIMAPIDAP) and temperature (Temp). The end-hour 5 min mean 
values were selected to compare with manual recorded end-hour VS (M_ VS) data of the patient 
chart. The difference of M_ VS and C_ VS was calculated as a VS quality index (VSI) =1 (M_ VS­
C_ VS)I [(M_ VS+C_ VS) *0.5]1. Two subject matter experts (SME) independently assessed those 
data points that had large VSI (Category B; defined as VSI >5% for HR, SAP, DAP, MAP and 
Temp and > 1 % for Sp02) to judge whether the C_ VS or M_ VS better reflected the patient 
status. A third SME acted as a tie-breaker. Category A VSI (VSI<=%1 for Sp02 and <=%5 for 
other VS) was accepted as insignificant. 
Results: A total of 1,729,200- 6 second VS records (9 ICU patients on 3 days each) were 
analyzed to produce 2,882 end-hour C_ VS records with matching M_ VS. 76%-100% of Vital 
Signs pair (M_ VS, C_ VS) with small VSI (Category A). When VSI were large, (Category B) the 
SMEs judged that C_ VS data were significantly more accurate estimate of patient VS (84%-93% 
p=O.OOOI) (Tablel). 
Conclusion: Computerized real-time VS data collection has a great potential for enhancing 
patient records that might be useful for both clinical and research purposes, besides saving 
nursing effort for patient care. 
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Is there Added Value in Continuous Vital Signs and Video Collection linked to Trauma 
Patient Outcomes? 

Abstract: Patient record keeping in dynamic health care domains, such as trauma resuscitation, is plagued 
by inaccuracies due to the dual requirement for time-critical patient care and documentation. An automated 
continuous vital signs and video data collection system was evaluated and found to be reliable, with utility 
for Quality Management, teaching, as an event marker and in future, potential for decision- support and 
telemedicine applications. 
Introduction: Emergency, time-critical, unusual and routine medical events recalled for health services 
research, debriefing conferences (Mortality & Morbidity) or for teaching are inaccurate due to hindsight 
bias, erroneous event sequencing, errors in timing and manual transcription of data. Linking such events to 
outcome requires laborious and time consuming chart review. We evaluated the utility and reliability of a 
hospital wide automated continuous vital signs and video network linked to patient outcomes as an event 
marker, teaching tool, and quality management (QM) record. 
Methods: Patient vital signs (VS) monitors (GE-Marquette-Solar-7000/8000) were networked in a major 
trauma center including 12 trauma resuscitation areas (TRU), 6 operation rooms (OR), 9 post 
anesthesiology care beds (PACU) and 36 ICU beds. Dedicated 24x 7 continuous real-time collection of VS 
trends and waveforms occurred for each patient monitoring location (TRU/ORIPACU/lCU). These data 
were compressed and transferred to a centralized server through the hospital secured intranet where they 
were archived. A multi-user based data decoder, viewer and analyzer was developed for VS data 
abstraction, artifact removal, 5min-60 min selectable averaging, and summary data output to both text and 
MS-Excel format. The server was interfaced directly with Trauma Registry queries to provide over 100 
patient-specific demographics and outcomes. Video, recorded continuously from all TRU' s, and OR's, was 
stored in a 72 hour buffer before being automatically overwritten (like hospital security cameras), so 
minimizing HIPPA issues. Selected videos were abstracted for QM and teaching conferences or for 
approved research protocols. 
Results: During 12 months over 80-VS variables were collected including waveforms electrocardiogram, 
oxygen saturation, end-tidal carbon dioxide, (ECG/Sp02/C02/Respiration) and numerical values every 6 
seconds of heart rate, blood pressure, intracranial pressure, cerebral perfusion pressure, respiratory rate, 
temperature, (HRlBP/Sp02lETC02/ ICP/CPPIRRITEMP etc) at 240Hz. Data collection averaged 76.4 
KBlhour for numerical and 12.3MBlhour for waveforms. Over 15,000 days (41 patient­
locations*365days=14,965 days) of over 8,000 patients VS were collected with system uptime of over 
99%. Based on patient admission and discharge timing from medical records, the system matched over 
90% of patients and provided precise identification of timing and duration of hypotensive episodes, 
tracheal intubation (by ETC02 waveforms) and hypoxemic events. Video clip review became the standard 
of choice for Trauma Fellow conferences and Human Factors based research efforts (www.hfrp.umm.edu). 
Specialized ICU monitoring, e.g. of head-injured patients, validated continuous CPP as a predictor of 
outcome, showed events causing elevation in ICP and provided QM markers (e.g. hyperventilation status). 

_____ Discussion: The multi-media hospital wide system was reliable and provided a continuous record of 
events, because there were very few gaps in data collection. The system with video, allowed automated 
documentation of patient care during time critical trauma patient reception and resuscitation, OR 
management and unusual events. Multivariable logistical regression of these data and linking images with 
outcome are powerful QM, teaching and health services research tools. Decision support algorithms and 
predictors of outcome developed from these analyses may improve patient care, while the ability to capture 
these data in real-time will facilitate future medical consultation and telemedicine applications. 
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Real-time patient Vital Signs Data Registry for Trauma Patient Care 

Introduction: Continuous display of patient physiological data is standard anesthesia practice; 
recording, retrieval and processing of such data is not. In time-critical, multi-tasking domains 
requiring life-saving interventions, documentation is sparse. We evaluated reliability of an 
automated vital signs collection system and tested proof of concept for 24x7 retrospective 
construction of events and prospective prediction of patient outcome 

Methods: Real-time patient vital signs data feeds from monitors (GE-Marquette-Solar-
7000/8000) were networked in a major trauma center to include 12 bed trauma resuscitation unit 
(TRU), 6 operating-rooms (OR), 9 post-anesthesia and 36 intensive care beds. Real-time vital 
signs waveforms, trends and alarms were compressed and transferred to a centralized server 
through the secured hospital intranet and archived. Custom processing and viewing programs 
were developed for patient data abstraction, artifact removal, 5-60 min time window averaging, 
and summary data output to both text and MS-Excel format (Figure). The server was interfaced 
with the CERNER to allow viewing of patient records and directly with Trauma Registry queries 
to provide over 100 patient-specific demographics and outcomes. 

Results: During 12 months over 80 variables were collected including continuous 
electrocardiogram, oxygen saturation, end-tidal carbon dioxide (ECG/Sp02/C02IRespiration) 
waveforms and numerical values every 6 seconds of heart rate, blood pressure, intracranial 
pressure, cerebral perfusion pressure, respiratory rate, temperature, 
(HRlBP/Sp02IETC02IICP/CPPIRRffEMP etc) at 240Hz. Data rates after compression averaged 
76.4 KBIh for numerical and 12.3MBIh for waveforms. Over 20,000 days (64 patient­
locations*365days= 23360 days) of over 8,000 patients vital signs were collected with system 
uptime> 99%. Based on patient admission and discharge timing from medical records, the 
system matched over 90% of patients and provided precise identification of timing and duration 
of hypotensive episodes, hypoxemic events, tracheal intubation (by ETC02 waveforms). 100% 
of 384 TRU intubation data were captured in a 6-month data collection period. Specialized 
monitoring, e.g. of 27 Glasgow Coma Scale < 9 head-injured patients, validated continuous CPP 
as predicting mortality. 

Conclusions: The trauma center wide system was reliable and provided a continuous record of 
events, because there were very few gaps in data collection. The system allowed automated 
documentation of patient care during time critical trauma patient reception and resuscitation, OR 

___ management and unusual events. Multivariable logistical regression of these data and linking 
with outcome could be used for Quality Management, teaching and health services research. 
Decision support algorithms and outcome predictions may be improved with such previously 
underutilized continuous vital signs data. 
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High Resolution ICP and CPP Data Better Predict Outcome of Severe TBI 

Background: Manual end-hour intracranial pressure (lCP) and cerebral perfusion pressure 
(CPP) documentation is the prevalent practice, even in dynamic patients. We assessed the impact 
of artifacts on accuracy and utility of real-time high resolution automated ICP and CPP 
recordings by comparing with manual documentation and evaluating its correlation with outcome 
in severe traumatic brain injury (TBI). 
Methods: After IRB approval, 30 patients with severe TBI with admission Glasgow Coma Scale 
(GCS)<9, requiring ICP monitoring were included in the study. Real-time recordings of ICP and 
CPP were acquired automatically at 6 sec intervals via a Trauma Center-wide vital signs data 
collection network. Potential artifacts were cleaned by moving median with a window-size of 5 
data points (30 sec). 5 min mean values were then calculated for 4.6±2.6 days. The extent and 
duration of ICP>20mmHg and CPP<60mmHg were calculated as pressure-time dose (PTD: 
mmHg*h) by using either automated (PTDa) or manual (PTDm) recordings. Bland-Altman plot 
was used to assess the agreement of PTDa and PTDm. Prediction values for in-hospital mortality 
and long term functional outcome (Extended Glasgow Outcome Scale; GOSE) were calculated 
using receiver operating characteristics (ROC) methods. Spearman rank correlation test was used 
to establish the correlation between PTD values and discharge GCS, length of ICU stay 
(LOS_ICU) and length of hospital stay (LOS_H). 
Results: Thirty subjects (27 men, 3 women) yielded a total of 3296 hrs of data. Bland-Altman 
plots demonstrated general agreement between PTDa and PTDm with a mean bias of -3.8 for ICP 
(95% confidence interval: CI from -13.9 to 6.3) and -10.9 for CPP (95% CI from -0.2 to 22.1). 
PTDa and PTDm for ICP were significantly higher in patients with unfavorable outcome 
(GOSE~) than in patients with favorable outcome (GOSE>4) (p=O.0004 and p=O.OI, 
respectively). However, for CPP where Bland-Altman plots showed the highest mean bias, PTDa 
but not PTDm showed significant difference between patients with favorable vs. unfavorable 
outcome (p=O.003 and p=O.053, respectively). Both PTDa and PTDm had high predictive power 
for functional outcome and in-hospital mortality (Table 1). Both PTDa and PTDm values for ICP 
and CPP were strongly correlated with LOS_ICU (p=O.009 and 0.007 vs. p=0.005 and 0.006, 
respectively), LOS_H (p=O.009 and 0.005 vs. p=O.OOI and 0.005, respectively) and discharge 
GCS scores (p=O.008 and p=O.038 vs. p=O.042 and p=O.015, respectively). 
Conclusion : PTD calculation of real time, high resolution ICP and CPP recording is less labor 
intensive than manual recording and showed better correlation with clinical outcomes. This 
technique should be the standard for future studies of severe TBI. 
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Pressure-time dose of automated ICP and CPP data predicts outcomes in severe TBI 

Background: Intracranial pressure (lCP) and cerebral perfusion pressure (CPP) measurements 
are the primary basis for the care of the severe traumatic brain injury (TBI) patients. We tested 
the accuracy of a pressure-time dose (PTD: mmHg*h) based on automated ICP and CPP data in 
predicting outcomes of severe TBI patients. 
Methods: ICP and CPP data for 30 severe TBI patients were collected automatically at 6 sec 
intervals. PTDs of ICP and CPP over or under two different thresholds were calculated for early 
stage (Emergency Department stay: 3.4=/- 2.8 h) and total stay (4.6 +/- 2.6 d). Four outcomes 
(mortality, 3-month Extended Glasgow Outcome Scale -GOSE, discharge GCS and 
decompressive craniectomy) were used in assessing prediction value of PTDs. 
Results: Total stay PTDs were strong predictors of GOSE and mortality (Fig.). In particular, 
early stage PTDs for ICP thresholds had 100% sensitivity but low specificity (17-47%). Total 
stay PTD of ICP>20mmHg correlated with discharge GCS (p=0.016), and PTD of ICP>30mmHg 
correlated with the need for decompressive craniectomy (p=O.03). 
Conclusion: Dose-based scoring of continuous automated ICP and CPP recordings seems to be a 
strong predictor of outcomes in TBI. Direct management of dose-based scoring at early stages 
might be valuable in therapeutic decisions. 
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Summary of Staff, Roles and Percent Effort by Project/Sub-J)roject 

STAFF MEMBER ROLE % EFFORT 

(%FTE) 
Thomas Scalea PI 2.5 

Lisa Gettings Administrator 0 

Karen Murdock Project Manager 55 

Colin Mackenzie Sub-Project PI; 20 
Vital Signs study 

Peter Hu Co-Investigator 41.5 

Yan Xiao (resigned) Technical Support 0 

Steven Seebode Technical Support 57.4 

Eric Lund IT Application 75 
Engineer 

Deborah Stein Sub-project PI; 8.4 
C~tokine study 

Bizhan Aarabi Co-Investigator 2 

Richard Dutton Co-Investigator 0 

Allison Lindell Coordinator; 41.5 
Cytokines study 

Kaspar Keledjian Cytokine technician 20 

Robert Rosenthal Sub-project PI; 7.3 
Animal model 

Gary Fiskum Co-Investigator 27.5 

Karen Volpini Database Management 0 

Madeline Mitrou Research Nurse 28.3 

YaweiWang Research Nurse 51.9 

Amechi Anozado Research Assistant 59 

Margaret Mensa Research Nurse 31.9 

Diane Rouse Research Nurse 42.2 

Marianne Hattan Research Nurse 80.8 

Keri Volpini Research Assistant 29.7 

Christine Wade-Mariani Research Assistant 0 

Charles Simpson (resigned) Research Assistant 0 

Scott Berry (resigned) Research Assistant 0 
---- - ---- -- --- Tondeleyo Gonzalez - Research Assistant 17.9 

Carrie Sauer (resigned) Research Assistant 0 

Olga Kolesnik Research Assistant 81 

Sean Jordan (resigned) Research Assistant 0 

Sara Wade Research Assistant 55.7 

David Prakash Research Assistant 89.8 

Ryan Gens (resigned) Research Assistant 0 

Cris Imle Physical Therapist 33.4 

Myra Collins (resigned) Research Assistant 3.8 

43 



Jonathan Gooch Research Assistant 52.4 
I 

Genna McFarland Student Assistant 80.3 

Kristina Clem (resigned) Data Entry 0 

Joe Kufera Statistician 20.4 
r-- --

Gordon Smith Epidemiologist 0 

Julie Hazleton Technician 0 

Jennifer Racz (resigned) Technician 50 

Xiaoli Xiao (resigned) GRA 0 

Wei Xiong GRA 100* 

Keng-Hao Liu GRA 100* 

Yu Wei Chang (resigned) Data Processor 100 

Ryan Seebode Data Entry Assistant 100 

Susanna Scafidi Co-Investigator 0 

Matthew Woodford Post-doctoral Fellow 100 

Rao GulliapalIi Co-Investigator 8.7 

Matt Lissauer Co-Investigator 8.5 

Jiachen Zhuo Post-doctoral Fellow 50 

Josh Ayres Student Assistant 68.8 
- -

* 100% effort for a GRA is 20 hours/week 

Contract Expenditures to Date 

PROJECT 
YEAR 3 YEAR 2 YEAR 1 CUMULATIVE 

COST ELEMENTS THIS QUARTER TOTAL TOTAL TOTAL TOTAL 

Personnel $207,672 $1,121,210 $1,239,701 $477,416 $2,838,327 

Fringe Benefits $29,623 $178,018 $217,915 $75,619 $471,552 

Supplies $25,199 $123,776 $58,499 $18,363 $200,638 

Equipment $25,249 $37,146 $14,898 $22,125 $74,169 

Travel $1,310 $4,813 $3,330 $1,578 $9,721 

Other Direct Costs $7,590 $20,433 $18,145 $2,070 $40,648 

Subtotal $296,642 $1,485,395 $1,552,487 $597,171 $3,635,054 

Indirect Costs $70,750 $374,916 $399,045 $149,512 $923,473 

Fee $0 $0 $0 $0 $0 

Total $367,392 $1,860,311 $1,951,533 $746,683 $4,558,527 

*Includes expenditures through 9/30/10 
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